The inactivation of bacteria by ultraviolet (UV) light is believed to result from cyclobutane-type thymine dimers that form in deoxyribonucleic acids (DNA) (2, 7) . UV-irradiated bacterial spores do not form this type of photoproduct (2, 3) but produce instead a unique photoproduct, 5-thyminyl-5, 6-dihydrothymine (8, 14, 18) . Some workers have proposed that the difference in photoproducts indicates a change in the physical state of DNA during sporulation that confers resistance to inactivation by UV (2-4, 14, 16, 17) .
Dipicolinic acid (DPA) and its chelates absorb strongly in the most lethal portion of the UV spectrum (6, 10, 12, 13, 20) and, consequently, have been associated with the resistance of spores to UV irradiation (1, 6, 20) . We studied the effect of dipicolinate on UV inactivation through UV action spectra determined for spores with different levels of DPA and for DPA-less spores irradiated through calcium dipicolinate (CaDPA) filters. Our results show that (i) resistance to UV is related to the amount of dipicolinate in the spores and (ii) inactivation by UV is reduced at wavelengths where CaDPA absorbs strongly (presented in part at the 71st Annual Meeting of the American Society for Microbiology, Minneapolis, Minn., [2] [3] [4] [5] [6] [7] May 1971).
Spores of wild-type (9.6% DPA) Bacillus cereus T and a DPA-less mutant strain HW3 (5, 19) were produced at 30 C in liquid modified G medium (15) . Mutant spores "loaded" with incorporated DPA (2.7%) were produced in the same medium supplemented with 100 ug of DPA per ml.
Spore inactivation data at several wavelengths were obtained following irradiation with a constant dose (1014 quanta) of monochromatic UV light (Bausch & Lomb highintensity grating monochromator with a 150-w xenon lamp). One-ml samples containing about 3,000 spores were irradiated in Beckman quartz cuvets, and plated in modified G agar, and the colonies of survivors were counted after 24 hr at 30 C. Precautions were taken to avoid photoreactivation during irradiation, plating, and incubation. Action spectra were constructed by plotting the inactivation efficiency (percentage of initial viable spores killed) as a function of wavelength. Figure 1 shows that resistance of spores to UV inactivation is related to the amount of dipicolinate they contain: wild type > DPAloaded mutant > DPA-less mutant. The most effective wavelength for killing both types of DPA-containing spores is at 280 nm; maximum inactivation for the DPA-less mutant spores is around 270 nm.
The UV absorption spectra (with a Beckman model DK-2 ratio recording spectrophotometer) of exudates obtained from autoclaved wildtype and DPA-loaded mutant spores had peaks at 263, 270 (highest), and 279 nm and thus resembled closely the absorption spectrum obtained with CaDPA.
Evidence of photoprotection by CaDPA was observed with DPA-less spores irradiated through a filter consisting of CaDPA (10 ,ug per ml). Spores irradiated through water had a broad inactivation peak at around 270 nm, but the action spectrum of DPA-less spores irradiated through CaDPA had a maximum inactivation peak at 280 nm (Fig. 2) . Alteration in the action spectrum of the DPA-less spores can be attributed to reduced killing efficiency at 260 and 270 nm, due to the absorption of UV energy by CaDPA.
We do not exclude the possibility that dipicolinate also may increase UV resistance by changing the physical state of spore DNA or by decreasing the internal relative humidity of the spore (11) . Contrary to earlier belief that DPA is located in the cortex, recent studies with cortex-less spores (9) and with spore spheroplasts (16, 17) have shown that DPA is present in the protoplast (core).
Quite probably the type of photoproducts formed in the spores is affected by the photoprotective action of CaDPA, since Donnellan and Setlow (2) found that irradiated Escherichia coli DNA, previously dried in the presence of CaDPA, formed spore photoproducts. 
